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Pectin methylesterases (PME; EC 3.1.1.11) involved in de-esterification of pectin and have applicability in food, textiles, 
wines, pulp, and paper industries. In the present study, we compared PME activity of different parts of 3 Datura species 
and found that fruit coat showed maximum PME activity followed by leaf and seed. PME from leaves of D. stramonium 
(DsPME) was purified and characterized. DsPME showed optimum activity at 60 °C and pH 9 in the presence of 0.3 M NaCI. 
DsPME was stable at 70 °C and retained more than 40% activity after 60 min of incubation. However, enzyme activity 
completely abolished at 80 after 5 min of incubation. It follows Michaelis-Menten enzyme kinetics. Km and Vmax with 
citrus pectin were 0.008 mg/ml and 16.96 umol/min, respectively. DsPME in combination with polygalactourenase (PGA) 
increased the clarity of orange, apple, pomegranate and pineapple juices by 2.9, 2.6, 2.3, and 3.6-fold, respectively in 
comparison to PGA alone. Due to very high de-esterification activity, easy denaturation and significant efficacy in incre- 
menting clarification of fruit juice makes DsPME useful for industrial application. 



Introduction 

Pectinases are heterogeneous group of enzyme complex involved 
in pectin hydrolysis. It is composed of pectinesterases, polygalactu- 
ronases, and pectin lyases. Pectinesterases de-esterify pectins and 
release methanol and acidic pectin, which are further completely 
degraded by polygalacturonases (PGA). Pectin lyases depolymer- 
ise pectin by (3-elimination mechanism without involving other 
enzymes. 1 Pectin methylesterases (PME) are involved in de-esteri- 
fication of methyl-esterified pectin, which cannot be recognized by 
PGAs and pectate lyases. 2 Therefore, PMEs play an important role 
in degradation of such pectins. 

PMEs are ubiquitous, reported from plants, fungi, and bacte- 
ria. 3 They play important role in cell wall expansion, softening of 
plant tissues during maturation and storage, and decomposition of 
plant waste materials. 4 They are involved in fruit ripening, 5 senes- 
cence and abscission/' cell wall maturation and regeneration, 7 cell 
growth, 8 salinity stress,'' the defense-related mechanism, 10 and oth- 
ers. 11 Methanol produced during PME activity plays a vital role 
in plants, such as protection of photosynthetic machinery from 
photo inhibition, stimulating the growth of C3 plants, 12 signaling 
between plants and defense against herbivores. 13,14 

Among pectinases, PMEs have attracted a lot of attention in 
recent years due to its critical role in physiology of plant and its 



application in food processing industry. They play a major role in 
fruit juice and vegetable oil extraction, fruit juice clarification, fer- 
mentation of tea and coffee, bleaching of paper, degumming of 
plant fibers, treatment of waste water and others. 111 Several sources 
such as tomato, 15 papaya, 16 peach, 17 tomato, 18 apple, 19 and orange, 20 
have been explored for isolation of efficient PME and its utiliza- 
tion in several industrial applications. Bharti et al., (2011) analyzed 
solanaceous plants viz., Capsicum annum L. (Chilli), Solanum 
lycopersicum L. (tomato), and Datura stramonium for methanol 
content and found a higher level of methanol emission in Datura 
compared with others. 21 This might be due to either high expres- 
sion level of PME or highly active PME. 

The present study aims to compare PME activity from differ- 
ent parts of 3 Datura species, which would be purified from the 
selected plant tissues (i.e., leaves of D. stramonium). Purified PME 
to be characterized for salt, temperature, pH optima, heat stability, 
denaturation, and industrial application in fruit juice clarification. 

Results 

Extraction of total soluble protein 

Total soluble protein (TSP) was isolated from leaves, seeds, 
and fruit coat of all 3 species {Datura metel [Dm], Datura inoxia 
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Figure 1. PME specific activity in leaves, seeds, and fruit coats of Datura metel, D. inoxia, and D. stramonium. Figure shows highest activity in fruit coats 
followed by leaves and then in seeds of all 3 species. 



[Di], and Datura stramonium [Ds]). We could isolate adequate 
amount of protein from leaves and seeds but not from fruit coat 
(Table 1). 

Comparison of PME activity 

Specific activity of PME was calculated in leaves, seed, and 
fruit coat of 3 species of Datura. Fruit coat showed maximum 
activity followed by leaves and seed in each plant. Specific activi- 
ties 17.2, 26.3, and 21.3 units/mg was observed in fruit coat of 
Datura metel (Dm), Datura inoxia (Di), and Datura stramonium 
(Ds), respectively. However, seeds showed least activity in all the 
3 species. PME isolated from leaves of Dm, Di, and Ds showed 



Table 1. Total soluble protein isolated from leaves, seeds and fruit coats of 
Datura metel, Datura inoxia and Datura stramonium calculated by Bradford 
method 



Plants 


Tissue part 


Total soluble Protein (mg/ml) 


D. 

stramonium 


Fruit Coat 


0.7348 ± 0.03 


Seed 


2.91 75 ±0.57 


Leaf 


1.3 190 ±0.60 


D. inoxia 


Fruit Coat 


0.6570 ± 0.06 


Seed 


2.7893 ± 0.48 


Leaf 


2.0905 ±0.71 


D. metel 


Fruit Coat 


0.7930 ± 0.05 


Seed 


3.0119 ±0.21 


Leaf 


3.0175 ±0.63 



specific activity 9.7, 8.6, and 15.0 units/mg, respectively. On the 
other hand fruit coat of Di and the seeds of Ds showed maximum 
and minimum activity respectively (Fig. 1). Concentration of 
TSP isolated from Dm leaves was higher in comparison to others, 
but the specific activity of PME in Ds leaves was 1.5 fold higher 
than Dm leaves. Ds leaves were available in sufficient amount, 
therefore it was selected for the purification of PME. 
Purification of PME 

TSP was first precipitated with ammonium sulfate, then 
fractionated by anion exchange chromatography, which signifi- 
cantly enriched the PME activity in some eluted fractions (D9- 
D15) (Fig. 2A). These fractions were analyzed on SDS-PAGE 
and showing similar band pattern (Fig. 2B). Fraction D15 
showed maximum PME activity, which was enriched approxi- 
mated 14-fold (Fig. 2A; Table 2). It was further purified by size 
exclusion chromatography and eluted fractions were analyzed 
for PME activity. Fraction showing highest PME activity was 
enriched up to 25 fold (Table 2). SDS-PAGE analysis showed 
-95% homogeneity of this fraction (Fig. 2C). PME activity was 
also confirmed by in-gel assay (Fig. 2C). Both SDS-PAGE and 
in-gel band corresponded to -33 kDa. 

Temperature optima 

Purified DsPME was used for the analysis of temperature 
optima for activity. The activity of PME was increases on 
increasing temperature. The maximum activity of DsPME was 
observed at 60 °C after that activity decreased sharply up to 
almost zero at 90 °C (Fig. 3A). 
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Figure 2. (A) Anion exchange chromatogram of purification of PME from Datura stramonium leaves and PME enzyme activity of different eluted frac- 
tions. Figure shows PME activity was present from fraction C15-D9. Fraction D15 shows highest activity and used for further purification by size exclu- 
sion chromatography. (B) SDS-PAGE analysis of different eluted fractions from anion exchange chromatography. Lane M: molecular weight marker; 1, 
C12; 2, C15; 3, D15; 4, D13; 5, D11; 6, D9; 7, D8; 8, D6; 9, total soluble protein. (C) SDS-PAGE analysis and in-gel assay of purified fraction from size exclusion 
chromatography. Lane M, molecular weight marker; 1, coomassie blue stained fraction; 2, in-gel activity assay of lane 1 fraction. Figure shows -33 kDa 
(R value: 0.521) band in both SDS-PAGE and in-gel assay. 



pH optima 

The activity of DsPME was present at all tested pH (3-11), 
but high activity was observed between pH 7-10. We could 
not see statistically significant difference in the activity from 
pH 7-10, but the maximum activity was observed at pH 9 
(Fig. 3B). 

Heat stability and Denaturation 

DsPME was stable at 60 °C without compromising on its 
activity. It retained more than 90% activity at 60 °C for 60 



min. At 70 °C, enzyme lost 46 and 61% activity in 30 and 60 
min, respectively. Activity was completely abolished at 80 °C 
after 5 min of incubation (Fig. 4). 
Effect of monovalent ions 

Significant effect of Na + and K + ion was observed on DsPME 
activity. The optimum activity was achieved at 0.3 M concen- 
tration of NaCl, which later on decreases sharply. In case of 
KC1, almost equal activity was present from 0.15 M to 0.3 M. 
It showed that a low concentration of K + ion could also support 
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Figure 3. (A) Temperature optima of DsPME: Figure shows optimum activity at 60 °C. (B) pH optima of DsPME: Figure shows optimum activity at pH 9. (C) 
Effect of Na + : Figure shows optimum activity at 0.3 M NaCl. (D) Effect of K +: Figure shows almost equal activity from 0.15 M to 0.3 M 



PME activity. However, total enzyme activity was higher in 
NaCl (5.3 U) than KC1 (3.5 U) at optimum ion concentrations. 
It showed that PME works efficiently in the presence of Na + 
(Fig. 3C and D). 

Calculation of Km and Vmax 

Purified DsPME was used for enzyme kinetics study. DsPME 
followed the Michaelis-Menten enzyme kinetics. Activity 
increased with increase in substrate concentration and reached 
to saturation. Km and Vmax of enzyme were 0.008 mg/ml and 
16.96 umol/min (Fig. 5). 

Clarification of fruit juices by DsPME 

DsPME in combination with PGA showed significant increase 
in clearing all 4 tested juices (orange, apple, pineapple, and pome- 
granate). Combined activity of DsPME and PGA on pineapple 
juice showed maximum clarification (3.6 fold) as compared with 
the PGA alone. However, combined activity of DsPME and PGA 
on orange, apple, and pomegranate juices was 2.9, 2.6, and 2.3 
fold, respectively in comparison to PGA alone (Fig. 6). Results 



suggested that DsPME helps in pectin degradation, which is use- 
ful in clarification of fruit juices. Further DsPME increased deg- 
radation of pectin in combination with PGA. 

Discussion 

In the present study, TSP was isolated from leaves, seeds, and 
fruit coat of 3 different species of Datura and specific activity 
of PME was estimated. Fruit coat showed highest PME activity 
followed by leaves then seeds. Earlier, Laats et al., (1997) ana- 
lyzed the expression of PME in pod, endosperm, and seed hulls 
of green beans [Phaseolus vulgaris), and reported 20 times higher 
activity in seed hulls as compared with pods. 23 PME activity in 
guava fruits increases with maturation. 24 High PME activity in 
tomato fruits has also been reported as compared with leaves 
that increases with increase in maturity of fruits. 18 These results 
showed that expression of PME is always higher in fruits of plants 
in comparison to other plant parts. We also observed highest 
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Figure 4. Heat stability of DsPME. Figure shows that enzyme was stable t 
ity was completely loosed at 80 °C. 
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Figure 5. Micaelis menten plot of DsPME. Figure shows that DsPME fol- 
lows the michaelis menten enzymes kinetics. Reaction velocity increases 
with increase in substrate concentration and reached to saturation. Data 
was analyzed by Sigma plot 10.0. Km and Vmax were 0.0087 mg/ml and 
16.96 nmol/min, respectively. 



PME activity in fruit coat followed by leaves and seeds. This 
might be due to low accumulation or accumulation of modified 
(inactive/ less active) PME in Datura seeds. Further, PME is a 
highly regulated enzyme, generally involved in cell elongation 
and cell separation etc. 22 Seed is a storage organ and does not 
require cell elongation or separation or other activity during the 
storage. Therefore, all the enzymes and proteins could be present 
in dormant stage in seed till the commencement of germination. 
This might also be the reason of lower PME activity in seeds. 

Specific activity of PME was highest in fruit coat, but the pro- 
tein quantity was very low as availability of fruit coat was lim- 
iting. Therefore, we used plant leaves for purification of PME. 



Specific activity of PME in Ds leaves was higher 
in comparison to others. Therefore, Ds leaves 
were selected for purification of PME. To reduce 
the contamination of pigments and secondary 
metabolites (which may interfere during chro- 
matography) in TSP, it was precipitated with 
80% ammonium sulfate. Protein pellet was 
solubilized in TrisCl (pH 8) and dialyzed over- 
night in 10 kDa dialysis membrane to reduce 
salt and other remaining low molecular weight 
contaminants. Supernatant was loaded on Q 
sepharose anion exchange column and eluted 
fraction showed -14 fold enriched PME activity 
in selected fractions. Specific PME activity was 
further enriched by -25 fold after size exclusion 
chromatography. About 20- to 30-fold enrich- 
ment in specific activities after purification has 
also been reported in case of orange and green 
beans. 23,25 Purified DsPME corresponded to -33 
kDa on SDS-PAGE and in-gel activity assay. 
PME of similar size has been reported from dif- 
ferent plants. 22,23 

Purified DsPME was characterized for tem- 
perature optima, pH optima, salt requirements, thermo stability, 
and enzyme kinetics. DsPME showed optimum activity at 60 
°C. Previously reported PME from banana and papaya showed 
optimum activity at 63 and 70 °C, respectively. 26,27 However, 
PME with very high optimum temperature (90 °C) has also been 
reported. 24 

Plant PMEs showed maximum activity at basic pH ranging 
from 7-5 to 9.0. 28 DsPME was also worked efficiently at pH rang- 
ing from 7 to 10 with optimum activity at pH 9. pH 8.0 is 
reported as optimal for peach PME. 29 

DsPME showed maximum activity in the presence of 0.3 M 
of NaCl. The activity of PME increased on increasing the con- 
centration of monovalent ions because they mainly interact with 
substrate rather than PME, 8 but activity decreased sharply above 
optimum salt concentration. It is reported that the carboxylate 
group just neighboring to the ester bond is required for interac- 
tion of enzyme to pectin. 8,30 It is possible that very high concen- 
trations of monovalent ions interact with carboxylate group and 
interfere in enzyme binding. This might be the reason for decline 
in activity above optimum concentration of monovalent ions. 

Thermal stability studies of DsPME showed that it was stable 
at 70 °C with more than 40% activity; however it lost complete 
activity at 80 °C. Similar results have been reported in case of 
orange PME. 25 However PMEs with very high thermal stability 
are also reported. Acerola and guava fruit PME are reported to be 
stable at more than 90 °C. 24 The inactivation time required for 
industrial application should be equal to 1 min at 90 °C. 2U In this 
regard, DsPME might be more useful for industrial application 
because of its high activity and easy inactivation. 

Enzyme kinetics studies showed that Km value of DsPME 
was very low. This indicates that it had very high affinity for the 
substrate. This might also be due to the citrus pectin as substrate 
in the present study as citrus pectin is reported as best substrate 
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Figure 6. Clarification fold of all 4 juices by DsPME in combination with PGA as compared with 
the PGA alone. Pineapple juice showed maximum clarification (3.6 fold). However, clarification 
observed in apple, orange, and pomegranate juices was 2.6, 2.9, and 2.3 fold, respectively. 



Table 2. Enrichment in Pectin methylesterase activity after different steps of purification 



Purification steps 


Activity 
(units/ml) 


Protein 
(mg/ml) 


Specific 
Activity 

(U/mg) 


Purification Factor 


Crude 


250 


2.41 


103.7 


1.00 


Ammonium Sulfate ppt. 


380 


3.43 


110.7 


1.06 


Ion exchange 


290 


0.44 


1517.0 


14.00 


Gel filtration 


178 


0.06 


2617.0 


25.23 



for PME activity due to the high degree of esterification." Km 
value of DsPME was lower than Lycopersicon esculentum and 
orange PME when used same substrate. 15,25 However, we could 
not compare Km value of other studies because it depends on 
source of substrate, reaction temperature, salt concentration, pH 
of reactions and other different parameters. 23 ' 30 

Role of PMEs is reported in fruit juice clarification. Purified 
DsPME was used in clearing of juice from 4 different fruits 
(orange, apple, pineapple, and pomegranate) in combination 
with PGA. It is reported that PME enhances pectin degradation 
process and helps in complete degradation of pectin in combina- 
tion with PGA. 15 DsPME significantly enhanced the clarification 
of all 4 tested juices in combination with PGA. Results showed 
that it can also be utilized in juice industries. Significant increase 
in color, total soluble solids, titrable acidity and total sugar in the 
enzymatic extracted juices are also reported. 31 Effect of PME on 
extraction of juices is also observed, PME increases the recov- 
ery of juice from different fruits. 31 Juices normally present inside 
the pulp of fruit and enclosed by vacuole or cell wall, in which 
pectin act as major cementing agent. PME de-esterifies pectin 
into methanol and galactouronic acid and makes pectin more 



susceptible for degradation by pectinases. 
It results in loosening of cell wall, which in 
turn helps in release of sap/juice very easily. 

Materials and Methods 

Plant material 

Three Datura species [D. stramonium 
(Ds), D.inoxia (Di) and D. metel (Dm)) were 
collected from field of National Botanical 
Research Institute (80 °59 E, 26°55 
N) and Central Institute of Medicinal 
and Aromatic Plants (80 °58'56"E, 
26°53'40"N), Lucknow, India. Leaves and 
fruits were sorted, cleaned, and used for 
isolation of total soluble protein (TSP) and 
PME activity analysis. 

Total soluble protein extraction 
Total soluble protein was extracted from 
3 different parts (leaves, fruit coat, and 
seeds) of plants. Plant tissue (1 g) was pow- 
dered in liquid nitrogen and homogenized 
in 4 ml PBS (pH 7.5) at 4 °C. Homogenate 
was centrifuged (12,000 ' g, 15 min) and 
supernatant was collected in fresh tube. The 
total protein was precipitated using 80% 
ammonium sulfate as previously described 
method by Scopes RK, 1982, 32 and centri- 
fuged (12,000 ' g, 15 min, 4 °C). Pellet was 
solubilized in Tris-Cl (pH 8, 20mM) and 
dialyzed over night in same buffer to remove 
ammonium sulfate. 

Activity guided purification of PME 
from Datura stramonium leaves 

Supernatant was filtered through 0.22 pm 
filters and loaded on Qsepharose-FF anion exchange column (GE 
Healthcare) pre-equilibrated in buffer (20mM Tris-Cl, pH 8). 
Column was washed till OD 280 becomes less than 0.0002. Bound 
proteins were eluted by a linear gradient of 1M NaCl and frac- 
tions were collected at fix volume (1 ml) intervals. Each fraction 
was analyzed for PME activity by gel diffusion assay. Fractions 
showing PME activity were analyzed on SDS-PAGE. Fractions 
with high activity and similar protein profile were pooled and 
used for further purification. Pooled sample was further fraction- 
ated by size exclusion chromatography (Superdex-200 column, 
GE Healthcare) in 20 mM Tris-Cl (pH 8.0) containing 150 mM 
NaCl. Eluted fractions were again analyzed for PME activity by 
gel diffusion assay. Fraction showing maximum activity was fur- 
ther analyzed by in-gel assay. Sample was mixed with loading dye 
(without DTT) and separated on 12% SDS-PAGE in duplicate 
without heat denaturation. One was stained with coomassie bril- 
liant blue G and another was used for in-gel enzyme assay. Gel was 
washed in 2.5% TritonXlOO for 5 min to remove SDS followed 
by PBS, and then incubated with 0.125% citrus pectin solution 
(prepared in PBS, pH 7.5) at 30 °C for 45 min. Gel was rinsed in 
PBS and stained with 0.05% ruthenium red. 
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Protein quantification 

Protein quantity was determined by 3 different methods: 1) 
analyzing absorbance at 280 nm in nano-drop spectrophotom- 
eter; 2) Bradford method; and 3) densitometry on SDS-PAGE. 
Bovine serum albumin was used as standard in all methods. 

PME activity assay 

Activity of PME was calculated by titration assay 33 and gel 
diffusion assay. 34 In titration assay, activity was determined by 
measuring the amount of free carboxyl groups of substrate in 
the reaction. Reaction mixture (30 ml) was composed of 0.125% 
citrus— pectin solution, 0.15 M NaCl and 0.2 ml enzyme, and 
pH adjusted to 8. Enzyme activity was performed at 30 °C for 
45 min and stopped by incubating at 100 °C for 10 min. It was 
titrated against 0.1 M NaOH. Reaction mixture without enzyme 
was taken as control. PME activity was calculated using following 
formula. 35 

[NaOH (Reaction) -NaOH (Blank) in ml] (Molarity of NaOH) 
(1000) 

PME = units/ml = (Time)(ml Sample) 

One unit of PME was defined as the amount of enzyme, which 
releases 1 umol of carboxyl groups/min. 

[NaOH (Reaction) -NaOH (Blank) in ml] (Molarity of NaOH) 

(1000) 
PME = units /ml = 
(Time) (ml Sample) 

Gel diffusion assay was performed in 2% agarose gel contain- 
ing 0.125% pectin. Sterile filter paper discs were placed on the 
gel. Enzyme was poured on discs and allowed to diffuse through 
the gel at 30 °C for 12 h; gel bed was washed with PBS and 
stained with 0.05% ruthenium red. Diameter of stained circle 
on gel bed corresponds to the PME activity. Larger the diameter 
on gel bed, the higher the PME activity. 

Temperature optima 

To determine the temperature optima of enzyme, reaction 
mixture was incubated at different temperatures (30, 40, 50, 60, 
70, 80, and 90 °C) for 45 min and stopped by incubating at 100 
°C for 10 min, then used for titration assay. Reaction mixture 
without enzyme was taken as control. 

Thermo-stability and denaturation 

Enzyme was incubated at various temperatures for different 
time periods. Residual activity was analyzed by gel diffusion 
assay and calculated by given formula: 

(Dc-Ds) 

% Residual activity = 100 X 100 
Ds 

Dc = Diameter in control sample 
Ds = Diameter of heated sample 



pH Optima 

PME activity at different pH was analyzed by gel diffusion 
assay because we could not perform titration at different pH. Gel 
of different pH (3-11) was prepared and enzyme reaction was 
performed as described above. Diameter of circle in each gel cor- 
responds to the PME activity at different pH. 

Effect of monovalent ions 

The effect of monovalent ions on the activity of PME was 
calculated by titration assay. The reaction was performed with 
different concentration (0.1, 0.15, 0.2, 0.3, 0.4, and 0.5) of NaCl 
and KC1. A reaction without enzyme was also performed with 
each reaction, served as a control. 

Enzyme kinetics 

Enzyme reaction was performed with substrate (citrus pectin, 
Sigma) concentrations (S) ranging from 0.125 to 10.0 mg/ml at 
pH 7.0 and 30 °C and reaction velocity (V 0 ) calculated by titra- 
tion assay. Data was analyzed by Sigma Plot 10.0, and Michaelis- 
Menten constant (Km) and maximum velocity (Vmax) of 
purified DsPME was calculated. 

Clarification of fruit juices by DsPME 

Study was performed in combination with polygalactourenase 
(PGA). Fresh juice was extracted from apple, pineapple, orange, 
and pomegranate, and filtered. DsPME (20 units) in combina- 
tion with commercial PGA was mixed with each juice (15 ml) 
and incubated at 50 °Cfor 8 h. Juice without any enzyme and 
with PGA alone was used as control. Clarity in juices was ana- 
lyzed as earlier described. 15 

Statistical analysis 

All the experiments were performed in triplicates and the aver- 
age was calculated. The data obtained from the studies were ana- 
lyzed using linear and nonlinear regression on Sigma Plot 10.0. 
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